There are several recently reported examples of inositol phospholipids binding to pleckstrin homology (PH) domains of proteins. The PH domain of SOS, a guanine nucleotide exchange factor for Ras, binds to phosphatidylinositol 4,5 bisphosphate (PtdIns4,5P 2 ). We found that binding of PtdIns4,5P 2 to 6-his-tagged recombinant mSOS in vitro inhibits the ability of SOS to catalyze the association of GTP on p21 RAS . This inhibition was speci®c for PtdIns4,5P 2 : a number of other phosphatidylinositols and phosphatidylserine failed to inhibit Ras GTP-association. We con®rmed that the speci®city of binding of PtdIns's to recombinant GST-SOS-PH domain is the same as the speci®city of PtdIns's for inhibition of SOS activity: namely, that only PtdIns4,5P 2 binds signi®cantly to the SOS-PH domain. In addition, the inhibition of Ras GTP-binding is not blocked by excess free inositols suggesting that SOS binds to PtdIns4,5P 2 with higher anity than it binds to free inositols. Addition of SOS-PH domain protein prevented the inhibition of SOS by PtdIns4,5P 2 as did addition of the high anity PtdIns4,5P 2 -binding drug neomycin. This con®rmed that SOS inhibition is mediated by the SOS-PH domain binding to the inositol moiety of PtdIns4,5P 2 . Binding of Grb2 to SOS did not prevent the inhibition of SOS by PtdIns4,5P 2 suggesting that there must be another mechanism for regulating this inhibition. These ®ndings show that the phospholipid PtdIns4,5P 2 can suppress the activity of an enzyme involved in signal transduction and suggest that this inhibitory eect must be relieved when SOS is activated.
Introduction
Pleckstrin homology (PH) domains are regions of sequence homology to two domains in pleckstrin, the major protein kinase C substrate in platelets. There is little primary sequence identity among various PH domains, but pro®le sequence searches have identi®ed at least 62 proteins that contain con®rmed or probable PH domains (Gibson et al., 1994; Ingley and Hemmings, 1994; Shaw, 1996) . Several PH domains have been analysed structurally both in isolation and in a complex with inositol trisphosphate or phosphatidylinositol 4,5P 2 (Ferguson et al., 1995; Harlan et al., 1994; Hyvonen et al., 1995; Lemmon et al., 1996) .
Despite the variation in primary sequence among PH domains from dierent proteins, these structures have been found to have a common fold consisting of seven antiparallel b-strands followed by an a-helical domain (Ferguson et al., 1995) . This structure is similar to that determined for phosphotyrosine binding domains; suggesting that these protein domains are derived from a common ancestral protein module .
The function of PH domains is not completely clear, but most of the proposed functions involve localization of proteins to the cell membrane. A number of PH domains have been found to bind to phosphatidylinositols (PtdIns), particularly PtdIns4,5P 2 (Gibson et al., 1994; Harlan et al., 1994; Ingley and Hemmings, 1994; Shaw, 1996) . Binding to PtdIns4,5P 2 has been proposed to serve as a mechanism for localizing PH domaincontaining proteins to the cell membrane where they are activated by membrane components or have improved access to substrate (Gibson et al., 1994; Ingley and Hemmings, 1994; Shaw, 1996) . Other proteins may be directly activated by polyphosphatidylinositols through their PH domains; for example, the serine/threonine kinase AKT is activated by PtdIns4,5P 2 binding to its PH-domain (Franke et al., 1997; Klippel et al., 1997) . Several PH domains also appear to mediate protein/protein interactions including interactions with G protein subunits (Mahadevan et al., 1995; Pitcher et al., 1995; Tsukada et al., 1994) and protein kinase C (Yao et al., 1994) .
A number of proteins involved in cell signaling contain PH domains, including several that directly interact with the small GTP-binding protein Ras. The guanyl nucleotide exchange factors SOS and RasGRF both contain a PH domain in their N-terminal portion (Haslam et al., 1993; Mayer et al., 1993; Musacchio et al., 1993) and the GTPase activating proteins p120GAP and InsP4BPGAP contain PH domains as well (Cullen et al., 1995; Haslam et al., 1993; Mayer et al., 1993; Musacchio et al., 1993) . SOS contains PH and Dbl homology domains in its N-terminal portion, a region responsible for catalyzing GTP exchange in its central portion, and a C-terminal Grb2 binding region. Either the PH or Dbl homology domain appears to be required for SOS function McCollam et al., 1995) , although little more is known about the function of the SOS PH domain. Many growth factors or cytokines that lead to activation of the Ras pathway also cause changes in membrane phosphatidylinositols including hydrolysis of PtdIns4,5P 2 by phospholipase C isoforms and production of PtdInsP 3 and PtdIns3,4P 2 by PtdIns3-kinase (Carpenter and Cantley, 1996; Marshall, 1996; Medema and Bos, 1993) . The presence of a PH domain in SOS and the role of PtdIns signaling in the early stages of Ras activation suggest that interaction of the PH domain of SOS with highly phosphorylated PtdIns's may regulate SOS activity. In a recent publication, it was shown that SOS binds with high anity to PtdIns4,5P 2 (Kubiseski et al., 1997; Rameh et al, 1997) . Here we test the functional eect of binding of the SOS-PH domain to PtdIns4,5P 2 and ®nd that speci®c binding of SOS to PtdIns4,5P 2 inhibits the activation of Ras GTP-association by SOS in vitro.
Results
PtdIns4,5P 2 inhibits the ability of SOS to stimulate GTP-association on Ras
We tested the eect of various phospholipids on the ability of SOS to stimulate the association of GTP with Ras. Full length SOS with an N-terminal tag of six histidines was expressed in Sf9 cells and was puri®ed by elution from Ni-NTA-agarose resin (Figure 1 ). Puri®ed SOS caused up to 15-fold increased association of [ 32 P-a]GTP to GST-Ras protein (data not shown). Addition of PC vesicles during the association assay had no eect on SOS-stimulated GTP-association, but PC vesicles containing PtdIns4,5P 2 caused a consistent inhibition of GTP-association ( Figure 2a ). The inhibition of SOS-stimulated GTP-exchange was completely speci®c for PtdIns4,5P 2 : PtdIns3,4P 2 , PtdIns3,4,5P 3 and less highly phosphorylated phosphatidylinositols failed to inhibit SOS-stimulated GTPassociation. The extent of inhibition by PtdIns4,5P 2 varied with dierent preparations of SOS and with dierent preparations of lipid vesicles, but generally SOS was inhibited with an IC 50 of about 35 mM PtdIns4,5P 2 (Figure 2b ). This inhibition of Ras-GTP association by PtdIns4,5P 2 was dependent on the presence of SOS (Figure 2b ). Farnesylation is not a factor in the inhibition of SOS by PtdIns4,5P 2 since our recombinant SOS puri®ed from Sf9 cells may be incompletely farnesylated (28) and since PtdIns4,5P 2 inhibited SOS GTP-association on Ras equally well when Ras was puri®ed from bacteria (data not shown). Further, we found that PtdIns4,5P 2 could inhibit SOS equally well when it was presented in detergent micelles as when it was presented in lipid vesicles (Figure 2c ), providing additional evidence that the inhibitory eect is directly due to interaction between SOS and PtdIns4,5P 2 .
SOS-PH preferentially binds PtdIns4,5P 2
We speculated that inhibition of SOS activity was preceded by binding of SOS to PtdIns4,5P 2 in vesicles. To test this we mixed SOS with vesicles as for the association assays above. Bound SOS was separated from free SOS by centrifugation of the vesicles and analysis of the protein in the supernatant and pellet fractions. Only 24.7+11.0% of SOS was found in a pellet fraction when mixed with vesicles composed of PC alone. By contrast 75.4+3.2% of SOS was found in a pellet fraction when mixed with vesicles composed of PC and 25% PtdIns4,5P 2 . We next asked whether the SOS-PH domain bound to lipids and demonstrated the same speci®city as the inhibition of SOS activity. The PH domain of SOS was expressed in bacteria as a GST-fusion protein and was puri®ed by elution from glutathione agarose (Figure 1 ). Binding of this puri®ed SOS-PH domain to lipids was tested by mixing it with sonicated vesicles containing 95% PC and 5% of various phospholipids and separating bound from free protein as described for full-length SOS. Only 10% of SOS-PH associated with vesicles composed entirely of PC. By contrast, nearly 30% of SOS-PH associated with vesicles composed of 95%PC/5% PtdIns4,5P 2 ( Figure 3a ) and the extent of binding of SOS-PH was dependent on the amount of PtdIns4,5P 2 in the vesicles (Figure 3b ). There was no increased binding of SOS-PH to a number of other phosphatidylinositols or to another acidic phospholipid, phosphatidylserine. Therefore, the speci®city of binding of PtdIns's to the SOS-PH domain is identical to the speci®city of inhibition of SOS-stimulated GTP-association. The extent of binding of SOS-PH to PtdIns4,5P 2 was dependent on the concentration of PtdIns4,5P 2 in the vesicles ( Figure 3c ) and occurred with a K d between 30 and 80 mM (mean 50.6 mM+19.0 s.d., n=5).
This speci®city and anity of binding is similar to that reported by Kubiseski et al. (1997) for binding of full length SOS to PtdIns4,5P 2 , although they reported a higher anity of binding with the isolated PH domain. Dierences in the regions of SOS cloned as an isolated PH domain may account for the dierent anity obtained for PtdIns4,5P 2 binding. Kubiseski et al. (1997) also found, as did we, no association of the SOS-PH domain with PtdIns3,4,5P 3 , PtdIns4P, PtdIns or PS. We found as well that the SOS-PH domain does not bind PtdIns3,4P 2 or PtdIns3P, suggesting that binding is sensitive to the arrangement as well as the number of phosphates on the inositol ring. We next asked whether water-soluble inositols which do not contain glycerol or acyl moieties are equally able to inhibit SOS-stimulated Ras GTP-association or whether they are able to compete for inhibition of SOS by PtdIns4,5P 2 . Neither Ins(1,4,5)P 3 nor Ins(1,3,4,5)P 4 at 100 mM concentration were able to signi®cantly inhibit SOS or reverse the inhibition by PtdIns4,5P 2 (Figure 4 ). This suggests that the glycerol or acyl portion of PtdIns4,5P 2 contributes to the inhibition of SOS by PtdIns4,5P 2 . Further, soluble inositols either do not interact with SOS or interact with an anity too low to be detectable at these concentrations.
Inhibition of SOS by PtdIns4,5P 2 is mediated by binding to the SOS-PH domain
We sought to determine whether the inhibition of SOS by PtdIns4,5P 2 was due to interaction between the PH domain of SOS and the inositol moiety of PtdIns4,5P 2 . Neomycin binds phosphatidylinositols with an anity dependent on the number of phosphates on the inositol ring (Lodhi et al., 1979) . Therefore, we asked if neomycin might be able prevent the interaction between SOS and PtdIns4,5P 2 , and thus prevent the inhibition of SOS. Addition of neomycin alone had no eect on SOS activity. However, neomycin was able to prevent the inhibition of SOS by PtdIns4,5P 2 , and to prevent the inhibition in a concentration dependent manner (Figure 5a and b) . We also reasoned that if the inhibition of SOS by PtdIns4,5P 2 is due to binding of PtdIns4,5P 2 to the PH domain of SOS, then addition of puri®ed SOS-PH domain protein should prevent this inhibition. As shown in Figure 6 , the PH domain of SOS is able to prevent the inhibition of SOS by PtdIns4,5P 2 in an apparently concentration dependent manner, con®rming that the inhibition of SOS by PtdIns4,5P 2 is mediated by binding to its PH domain. Addition of other proteins in the same concentration and buer did not prevent the inhibition of SOS by PtdIns4,5P 2 (see Figure 7) .
In a cell, SOS is believed to be constitutively associated with the adapter protein, Grb2 (RozakisAdcock et al., 1993) . We tested whether Grb2 interaction with SOS aects the inhibition of SOS by PtdIns4,5P 2 . Control experiments demonstrated that binding of Grb2 to full length SOS occurs even when SOS associates with PtdIns4,5P 2 containing vesicles (data not shown). We then bound SOS with an excess of Grb2 and tested whether PtdIns4,5P 2 still blocked SOS activity. As shown in Figure 7 , Grb2 binding to SOS has no eect on the inhibition of SOS-stimulated Ras GTP-association by PtdIns4,5P 2 . This suggests that Grb2 is not a direct regulator of SOS inhibition by PtdIns4,5P 2 . (c) Inhibition of SOS-stimulated Ras GTP-association by PtdIns4,5P 2 presented in PC vesicles or detergent micelles. Where PtdIns4,5P 2 was added, it was present in a ®nal concentration of 50 mM with either 150 mM PC or 6.6 mM CHAPS (0.4%)
Discussion
Our data clearly demonstrate that PtdIns4,5P 2 specifically binds to the SOS-PH domain and inhibits SOS activity. This inhibitory function of PtdIns4,5P 2 depends on both the inositol and the diacylglycerol portions of PtdIns4,5P 2 and is blocked by isolated SOS-PH domain, strongly suggesting that it is mediated by the PH domain of SOS binding to PtdIns4,5P 2 . This result is in general agreement with previously published work showing that the SOS-PH domain binds to PtdIns4,5P 2 , although Rameh et al. 1997 but not Kubiseski et al., 1997 also found binding of the SOS-PH domain to PtdIns3,4,5P 3 , a dierence in S P S P S P S P S P S P S P S P S P S P S P buffer PC PI4,5P result that might be due to presentation of the lipid in an aqueous vs a vesicle environment. Inhibition of SOS activity by PtdIns4,5P 2 suggests that PtdIns4,5P 2 may serve as a negative regulator of SOS in the cell. Experiments performed by Font de Mora et al. (1996) are consistent with this hypothesis. Those workers found that SOS-PH domain puri®ed from bacteria could induce germinal vesicle breakdown (GVBD) in Xenopus oocytes. This SOS-PH-stimulated GVBD was synergistic with insulin-stimulated GVBD and could be blocked by a dominant negative Ras mutant, suggesting that the SOS-PH domain was activating the Ras pathway. This result can be most easily explained by a model in which the SOS-PH domain is able to overcome an inhibitor of endogenous full-length SOS in the cell, such as PtdIns4,5P 2 , thus allowing activation of Ras.
However, mutational analysis of various domains of SOS suggest that the PH domain of SOS may also be a positive regulator of SOS. Either the PH or Dbl homology domains are necessary for the SOS catalytic domain to activate Ras GTP-exchange in Cos cells . Overexpression of the SOS catalytic domain alone with the PH and Dbl homology domains deleted did not lead to enhanced [
P]GTP exchange onto p21
Ras whereas constructs containing either the PH or Dbl homology domain were active. Similarly in Drosophila eye development, the region of SOS containing the PH and Dbl homology domains is essential for its function . In both of these experiments, the PH domain of SOS seems to have a positive role in SOS function, perhaps by localizing SOS to the membrane.
Based on these reports and our results, we speculate that there may be a pool of SOS in the cell constitutively associated with the membrane, but kept in an inactive state by binding to PtdIns4,5P 2 until the cell is activated by an appropriate stimulus. Since the only known target of SOS is the membrane-localized GTP-binding protein Ras, activation of Ras by SOS must require that SOS be present at the membrane following cell stimulation. In fact, over expression of a membrane-targeted version of SOS can lead to activation of the Ras pathway (Aronheim et al., 1994) . The majority of SOS is found in a cytoplasmic fraction of the cell, but a small amount is consistently found in a particulate fraction (Buday and Downward, 1993; Wang et al., 1995; Welham et al., 1994) . Despite one report of a translocation of SOS or the SOS-PH domain to a particulate fraction following cell stimulation (Buday and Downward, 1993; , other groups did not ®nd a signi®cant translocation of SOS to the particulate fraction following cell stimulation with a variety of cytokines (Welham et al., 1994) .
There are a number of ways that a pool of SOS constitutively associated with the membrane, but bound and inactivated by PtdIns4,5P 2 , might become Eect of neomycin on the inhibition of SOS by PtdIns4,5P 2 . (a) SOS was mixed with PC vesicles or PC vesicles containing 25% PtdIns4,5P 2 (37.5 mM ®nal PtdIns4,5P 2 concentration) without or with 100 mM neomycin sulfate. The control for neomycin was 3-aminobenzoic acid ethyl ester, methanesulfonate salt at 100 mM. activated. First, the pool of PtdIns4,5P 2 inhibiting SOS may be eectively removed. An appropriate cellular stimulus may cause hydrolysis of PtdIns4,5P 2 , thus releasing SOS inhibition and allowing activation of the Ras pathway. In support of this hypothesis, many of the stimuli that activate the Ras pathway also cause hydrolysis of PtdIns4,5P 2 , which would allow coordinate regulation of both signaling eects (Medema and Bos, 1993) . This hypothesis is similar to that invoked to explain the release of the actin severing protein, gelsolin, from its inactivation by PtdIns4,5P 2 (Janmey et al., 1987) . Alternatively, SOS could become activated following conversion of PtdIns4,5P 2 to PtdInsP 3 by PtdIns3-kinase. Activation of this lipid kinase is intimately linked to the activation of the Ras pathway (Hu et al., 1995; Rodriguez-Viciana et al., 1996) . It is signi®cant that SOS is not detectably inhibited by PtdIns3,4,5P 3 , the product of PtdIns3-kinase phosphorylation of PtdIns4,5P 2 . Both of these proposed means of releasing SOS from PtdIns4,5P 2 inhibition would last until a sucient pool of PtdIns4,5P 2 is resynthesized to again inhibit SOS.
A third possible mechanism of activation of SOS could occur from the binding of a second protein or factor to the PH domain or Dbl domain of SOS. Our data suggest that binding of Grb2 to the C-terminal region of SOS does not serve this function in vitro, and work from a number of laboratories concludes that binding of Grb2 to the C-terminus serves to relieve an inhibition of SOS activity by the SOS Cterminus rather than to provide an activating signal (Aronheim et al., 1994; Byrne et al., 1996; Karlovich et al., 1995; Wang et al., 1995. There is evidence for a second factor which activates SOS by binding to the N-terminal PH or Dbl homology domains. Expression of these regions transiently in mammalian cells has no eect in unstimulated cells (Byrne et al., 1996; McCollam et al., 1995) , but acts as a dominant negative in growth factor-stimulated NIH3T3 cells (Byrne et al., 1996) . In NIH3T3 cells, expression of the combined N-terminal and catalytic regions of SOS retained growth factor-dependent activation of ERK2, strongly suggesting the importance of a growth factorstimulated signal to activate SOS through the SOS-PH or Dbl domain (Byrne et al., 1996) . Precedence for binding of a second factor to the PH domain of SOS is found in the proposed coordinate regulation of bARK by binding of PtdIns4,5P 2 and G bg subunits to its PH domain (Pitcher et al., 1995) . Binding of both PtdIns4,5P 2 and G bg subunits to the bARK-PH domain is required for membrane association of bARK. In the case of membrane-associated SOS, binding of a second ligand to its PH domain may overcome the negative eect of PtdIns4,5P 2 binding and allow the transient activation of SOS. Regardless of the mechanism of releasing SOS from its inhibition by PtdIns4,5P 2 , these studies point to a more complex regulation of SOS through its PH domain than has been previously recognized.
Materials and methods

Expression and puri®cation of proteins
The coding region for the PH domain of SOS comprising amino acids 390 ± 611 from murine SOS cDNA (Bowtell et al., 1992) was ampli®ed by PCR and ligated in frame to an N-terminal GST protein and a C-terminal HA-tag in a bacterial expression vector. The GST-SOS-PH fusion protein was expressed from this construct in Escherichia coli strain BL21 and puri®ed from bacteria lysed in buer A (20 mM Tris, pH 7.5, 137 mM NaCl, 15% glycerol, 1% triton X-100, 200 mM PMSF, 1 mM benzamidine, 10 mg leupeptin/ml and 1 mM pepstatin A). Protein was bound to glutathione agarose resin (Sigma) and eluted with 50 mM Tris pH 7.5, 50 mM NaCl, and 5 mM glutathione. A cDNA encoding a fusion protein of GST and c-Ha-Ras in baculovirus expression vector pVIKS (Kavanaugh and Williams, 1994) was provided by Akira Kikuchi (Hiroshima University School of Medicine). GST-Ras was expressed in Sf9 cells and puri®ed on glutathione agarose as described above. Grb2 and Grb2 dbm were expressed as Eect of SOS-PH on the inhibition of SOS by PtdIns4,5P 2 . SOS (120 nM) was mixed without or with PC vesicles or PC vesicles containing 25% PtdIns4,5P 2 (37.5 mM) and with the indicated concentrations of puri®ed SOS-PH domain Figure 7 GRB2 Interaction with SOS in the presence of PtdIns4,5P 2 . SOS (350 nM) was incubated without or with vesicles containing PtdIns4,5P 2 (37.5 mM) in the absence or presence of wild type GRB2 (12 mM) or GRB2 containing a point mutation in each SH3 domain that prevents binding to SOS (Grb2 dbm). Results are typical of two experiments performed in duplicate GST fusion proteins in Sf9 cells using pVIKS (Kavanaugh and Williams, 1994) . Grb2 dbm contains mutations (P49L and E203R) in the N-and C-terminal SH3 domains that are the human counterparts of C. elegans Sem-5 mutations (Stern et al., 1993) and were puri®ed as described above.
A tag encoding six histidine residues was attached to the N-terminus of full-length SOS by PCR with a sense oligo overlapping the ®rst 54 nucleotides of SOS and an antisense oligo to nucleotides 866 ± 895. Part of this PCR product was cloned into the EcoRI site of SOS in pBluescript SK and veri®ed by sequencing. This reconstructed SOS was cloned into baculovirus expression vector pAcC8 (Chiron Corp) via XhoI and BamHI ends. Sf9 insect cells were infected with baculovirus encoding 6His-SOS. Two days after infection, the cells were harvested by centrifugation and were lysed in buer A. Lysates were cleared by centrifugation at 14000 g for 10 min and supernatants were incubated with Ni 2+ -NTAagarose resin (Qiagen) for 3 h at 48C. Resin was washed in buer A and SOS was eluted with 20 mM Tris pH 7.5, 137 mM NaCl, 1 mM DTT, 200 mM imidazole, 1 mM PMSF, 10 mg leupeptin/ml, 2.2 mM aprotenin, 1 mM benzamidine, 1 mM pepstatin A and used in the stimulation of Ras GTPassociation.
Preparation of phospholipid vesicles
125 mg of PC (Avanti Polar Lipids, Inc.) or 119 mg of PC plus 6.25 mg of PtdIns4,5P 2 , PtdIns4P (Boehringer Mannheim), PtdIns3P, PtdIns3,4P 2 (Matreya), PtdIns (Avanti), PS (Sigma), or dioctanoyl-PtdIns3,4,5P 3 (gift of Dr ChingShih Chen, University of Kentucky) (Wang and Chen, 1996) were dried under N2 and resuspended in 250 ml 25 mM Tris pH 7.5, 100 mM NaCl. The lipid was sonicated with a bath sonicator. For experiments testing the stimulation of Ras GTP-association by SOS, phospholipid vesicles were prepared as above except that phosphatidylinositols comprised 25% of the lipid and the lipid was resuspended in 250 ml 20 mM Tris pH 7.5, 50 mM. Where PtdIns4,5P 2 was presented in detergent micelles, 12.5 mg of PtdIns4,5P 2 was dried under N2 and resuspended in 100 ml 20 mM Tris pH 7.5, 50 mM NaCl and 6.6 mM CHAPS.
Binding of SOS-PH to vesicles
Puri®ed SOS-PH (10 mg) was diluted in 50 mM Tris, pH 7.5, 5 mM DTT to 50 ml and mixed with an equal volume of phospholipid vesicles. The mixture was incubated on ice for 10 min, then SOS-PH bound to vesicles was separated from free SOS-PH by pelleting of the vesicles at 100 000 g for 40 min in a Beckman airfuge. [ 3 H]PC (Dupont/NEN) was added in trace amounts to some preparations of vesicles to test for completeness of vesicle pelleting. Generally, greater than 90% of the lipid was recovered in the pellet fraction. An equal portion of each supernatant and pellet fraction was analysed by SDS ± PAGE and the protein on the coomassie stained gel was quantitated by densitometry. K d was calculated at a series of PtdIns4,5P 2 concentrations using the equation K d PtdIns4Y 5P 2 protein free aprotein bound
Guanine nucleotide association assay
Binding of [ 32 P-a]GTP (Dupont/NEN) to Ras protein was determined as described (Por®ri et al., 1994) except that buers did not contain 0.05% sodium cholate. The ®nal concentration of Ras protein in the assays was 20 nM, SOS was 180 ± 350 nM, and [ 32 P-a]GTP was 13 nM. Binding was carried out for 20 min at room temperature. In experiments testing the eect of PtdIns4,5P 2 vesicles were included to a ®nal lipid concentration of 150 mM. Data were reported as the mean+s.e.m. of duplicate determinations.
Abbreviations PH, pleckstrin homology; PtdIns, phosphatidylinositol; SOS, son-of-sevenless; GST, glutathione S-transferase; InsP, inositol phosphate.
